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1. An insulin derivative or a physiologically tolerable salt thereof, in 
which asparagine (Asn) in position B3 of the B chain is replaced by a 

5 naturally occurring basic amino aq'd residue and at least one amino acid 
residue in the positions B27, B28 or B29 of the B chain is replaced. by 
^ another naturally occurring neutral or acidic amino acid residue^-rtf 
ol option a ll y b ei ng poscib l o for aspara g i n o (Asn) i n position 21 of tho A chain 

&~ to hfi replar prl hy As p, Gly, Sor, Thr or Ala and for phenylalanine (Ph u ) in-— 

d 10 .p os i t i on B1 of tho D chain and th e am i no acid residu e in po si t i on B30 at 

CKs t ho B cha i n to b e -ab serrt. 

2. An insulin derivative or a physiologically tolerable salt thereof as 
_____ claimed in claim 1, of formula I 



15 



\ 
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(A1 -A5)-Cys-Cys-A8-A9-A1 0-Cys-(A1 2-A1 9)-Cys-A21 



B1-Val-B3-Glu-His-Leu-Cys-(B8-B18)-Cys-(B20-B26)-B27-B28-B29-B30 



25 in which 



(A1-A5) are the amino acid residues in the positions A1 to A5 of the 
A chain of human insulin or animal insulin, 



30 (A12-A19) 
A21 



are the amino acid residues in the positions A12 to A19 of 
the A chain of human insulin or animal insulin, 
is Asn, Asp, Gly, Ser, Thr or Ala, 
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(B8-B18) are the amino acid residues in the positions B8 to B18 of the 

B chain of human insulin or animal insulin, 
(B20-B26) are the amino acid residues in the positions B20 to B26 of 

the B chain of human insulin or animal insulin, 

A8, A9, A10 are the amino acid residues in the positions A8, A9 and A10 
of the A chain of human insulin or animal insulin, 



B30 is -OH or the amino acid residue in position B30 of the B 

chain of human insulin or animal insulin, 

B1 is a phenylalanine residue (Phe) or a hydrogen atom, 

B3 is a naturally occurring basic amino acid residue, 

B27, B28 

and B29 are the amino acid residues in the positions B27, B28 and 
B29 of the B chain of human insulin or animal insulin or in 
each case are another naturally occurring amino acid 
residue, where at least one of the amino acid residues in the 
positions B27, B28 and B29 of the B chain is replaced by 
another naturally occurring amino acid residue which is 
selected from the group consisting of the neutral or acidic 
amino acids. 



3. An insulin derivative or a physiologically tolerable salt thereof as 

claimed in claim 2, wherein 

A8 is alanine (Ala), 

A9 is serine (Ser), 

A10 is valine (Val) and 

B30 is alanine (Ala). 
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4. An insulin derivative or a physiologically tolerable salt thereof as 
claimed in claim 2, wherein 

A8 is threonine (Thr), 
A9 is serine (Ser) and 
A10 is isoleucine (lie). 

5. An insulin derivative or a physiologically tolerable salt thereof as 
claimed in claim 4, wherein 

B30 is alanine (Ala). 

6. An insulin derivative or a physiologically tolerable salt thereof as 
claimed in claim 4, wherein 

B30 is threonine (Thr). 

7. An insulin derivative or a physiologically tolerable salt thereof as 
claimed in claim 6, wherein 

(A1 -A5) are the amino acid residues in the positions A1 to A5 of the 
A chain of human insulin, 



(A12-A19) are the amino acid residues in the positions A12 to A19 of 
the A chain of human insulin, 

(B8-B18) are the amino acid residues in the positions B8 to B18 of the 
B chain of human insulin and 

(B20-B26) are the amino acid residues in the positions B20 to B26 of 
the B chain of human insulin. 



8. An insuUrji derivative or a physiologically tolerable salt thereof as 
claimed in pno_QLs noro of claims 1 to ?, wherein the amino acid residue in 
position B1 of the B chain is a phenylalanine residue (Phe). 
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9. An insulin derivative or a physiologically tolerable salt thereof as 
claimed int one ormorc -Qj-clai mo 1 tc r O , wherein the amino acid residue in 
position B3 of the B chain is a histidine (His), lysine (Lys) or arginine 
residue (Arg). 



10. An insulin derivative or a physiologically tolerable salt thereof as 
claimed in claim 9, wherein the amino acid residue in position B3 of the B 
chain is a histidine residue (His). 

11. An insulin derivative or a physiologically tolerable salt thereof as 
claimed in claim 9, wherein the amino acid residue in position B3 of the B 
chain is an arginine residue (Arg). 

12. An insulin derivative or a physiologically tolerable salt thereof as 
claimed in claim 9, wherein the amino acid residue in position B3 of the B 
chain is a lysine residue (Lys). 

13. An insulir^ derivative or a physiologically tolerable salt thereof as 
claimed in jp&SHr mnrA of claims 1 to jL2-whgrgin at least one of the amino 
acid residues in the positions B27, B28 and B29 of trje B chain is a 
naturally occurring amino acid residue which is selected from the group 
consisting of isoleucine (lie), aspartic acid (Asp) and glutamic acid (Glu). 

14. An insulin derivative or a physiologically tolerable salt thereof as 
claimed in ooeS^efe-OT claims I to 1 3, wherein at least one of the amino 
acid residues in the positions B27, B28 and B29 of the B chain is a 
naturally occurring amino acid residue which is selected from the group 
consisting of the acidic amino acids. 



15. An insulin derivative or a physiologically tolerable salt thereof as 
claimed in claim 14, wherein at least one of the amino acid residues in the 
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positions B27, B28 and B29 of the B chain is an aspartic acid residue 
(Asp). 



1 

An insulin derivative or a physiologically tolerable salt thereof as 
claimed in claim 14, wherein at least one of the amino acid residues in the 
positions B27, B28 and B29 of the B chain is a glutamic acid residue (Glu). 



An insulin derivative or a physiologically tolerable salt thereof as 
claimed in erle^Pmoro of claimp - 1 to 13 , wherein at least one of the amino 
acid residues in the positions B27— B28~of the B chain is replaced by a 
naturally occurring amino acid residue which is selected from the group 
consisting of the neutral amino acids. 

Jib 

^T. An insulin^ghvative or a physiologically tolerable salt thereof as 
claimed in c\a\m°W, wherein at least one of the amino acid residues in the 
positions B27, B28 and B29 of the B chain is an isoleucine residue (lie). 

y&. An insulin derivative or a physiologically tolerable salt thereof as 
claimed in claim ,15, wherein the amino acid residue in position B27 of the 
B chain is an aspartic acid residue (Asp). 

v V 

2-0: An insulin derivative or a physiologically tolerable salt thereof as 
claimed in claim 15, wherein the amino acid residue in position B28 of the 
B chain is an aspartic acid residue (Asp). 

-j^T An insulin derivative or a physiologically tolerable salt thereof as 
claimed in claim 15, wherein the amino acid residue in position B29 of the 
B chain is an aspartic acid residue (Asp). 

m 

£2. An insulin derivative or a physiologically tolerable salt thereof as 
claimed in claim wherein the amino acid residue in position B27 of the 
B chain is a glutamic acid residue (Glu). 
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An insulin derivative or a physiologically tolerable salt thereof as 
claimed in claim W, wherein the amino acid residue in position B28 of the 
B chain is a glutamic acid residue (Glu). 

An insulin derivative or a physiologically tolerable salt thereof as 
claimed in claim y£\ wherein the amino acid residue in position B29 of the 
B chain is a glutamic acid residue (Glu). 

XL 

•p6. An insulin derivative or a physiologically tolerable salt thereof as 
claimed in claim psf wherein the amino acid residue in position B28 of the 
B chain is an isoleucine residue (He). 

3?- 

An insulin, derivative or a physiologically tolerable salt thereof as 
claimed in^e nr ^ nf mnr n of el aimo 1 to 25^ wherein the amino acid residue in 
position A21 of the A chain is an asparagine residue (Asp). 




An insulippfiterivative or a physiologically tolerable salt thereof as 
claimed in dainty, wherein the A chain has the sequence 

Gly lie Val Glu Gin Cys Cys Thr Ser He Cys Ser Leu Tyr Gin Leu Glu Asn 
Tyr Cys Asp (SEQ ID NO.: 9) 

and the B chain has the sequence 

Phe Val Lys Gin His Leu Cys Gly Ser His Leu Val Glu Ala Leu Tyr Leu Val 
Cys Gly Glu Arg Gly Phe Phe Tyr Thr lie Lys Thr (SEQ ID NO.: 1 0). 



3«. An insulinjterivative or a physiologically tolerable salt thereof as 
claimed in claim. ^wherein the B chain has the sequence 



Phe Val Lys Gin His Leu Cys Gly Ser His Leu Val Glu Ala Leu 
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Tyr Leu Val Cys Gly Glu Arg Gly Phe Phe Tyr Thr Pro Glu Thr 
(SEQ ID NO 3). 

% 

Jf3. An insulin derivative or a physiologically tolerable salt thereof as 
claimed in claim *p87 wherein the amino acid residue in position B27 of the 
B chain is an isoleucine residue (He). 

An insulin derivative or a physiologically tolerable salt thereof as 
claimed in claim P$ wherein the B chain has the sequence 

Phe Val Lys Gin His Leu Cys Gly Ser His Leu Val Glu Ala Leu 
Tyr Leu Val Cys Gly Glu Arg Gly Phe Phe Tyr lie Pro Lys Thr 

(SEQ ID NO 5). 

An insulin derivative or a physiologically tolerable salt thereof as 
claimed in clairrr^S, wherein the B chain has the sequence 

Phe Val Lys Gin His Leu Cys Gly Ser His Leu Val Glu Ala Leu 
Tyr Leu Val Cys Gly Glu Arg Gly Phe Phe Tyr Thr lie Lys Thr 

(SEQ ID NO 4). 

32: A process for the preparation of an insulinderiyative or of a physio- 
logically tolerable salt thereof as claimed in^efte-oT 'more ol claims 
comprising the construction /of a replicable expression vehicle which 
contains a DNA sequence which codes for a precursor of the insulin 
derivative, in which the amino acid residue in position A1 of the A chain is 
linked to the amino acid residue B30 of the B chain via a peptide chain of 
the formula II 
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-R n-Arg- /ll 

1 / 

in which R n is a peptide chain having n amino acid residues and n is an 

integer from 0 to 34, and the p chain is prolonged in position B1 by a 
peptide chain of the formula II 

/Met-R^ m -(Arg) p - III 

2 / 

in which R m is a peptide chain having m amino acid residues, m is an 
integer from 0 to 40 and p is 0, 1 or 2, expression in a host cell and release 
of the insulin derivative from its precursor using chemical and/or enzymatic 
methods. 



jpf. The process as claimed in claim„3gf wherein the host cell is a 
bacterium. 




The process as claimed in 



E. coli 



claim^S7 



wherein the bacterium is 



The process as claimed in claim .^d, wherein the host cell is a yeast. 

*Sr # 

^6. The process as claimed in claim 3X wherein the yeast is 
Saccharomyces cerevisiae. 



1 X 

37. The process: as claimed in one of claims 32 to 36 for the preparation 
of an insulin derivative as\claimed in claim 26, wherein the precursor of the 
insulin derivative has the sequence 



Met Ala Thr Thr Ser Thr Gly Asn Ser Ala Arg Phe Val Lys Gin 
His Leu Cys Gly Ser His Led Val Gk^Ala Leu Tyr Leu Val Cys 
Gly Glu Arg Gly Phe Phe Tyr Thr lie Lys Thr Arg Arg Glu Ala 



w 
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Glu Asp Pro Gin V&l Gly Gin Val Glu Leu Gly Gly Gly Pro Gly 
Ala Gly Ser Leu Gin Pro Leu Ala Leu Glu Gly Ser Leu Gin Lys 
Arg Gly lie Val Glu Gin Cys Cys Thr Ser He Cys Ser Leu Tyr 
Gin Leu Glu Asn T> r Cys Asp 



(SEQ ID NO.: 11). 



38. The process i is claimed in one of claims 32 to 36 for the preparation 



of an insulin derivati\ 
insulin derivative has 



e as claimed in claim 28, wherein the precursor of the 
the sequence 



Met Ala Thr Thr Ser Thr Gly Asn Ser Ala Arg 
Phe Val Lys Gin His Lfeu Cys Gly Ser His Leu Val Glu Ala Leu 
Tyr Leu Val Cys Gly G(uArg Gly Phe Phe Tyr Thr Pro Glu Thr 
Arg Arg Glu Ala Glu Asflp Pro Gin Val Gly Gin Val Glu Leu Gly 
Gly Gly Pro Gly Ala GlyjSer Leu Gin Pro Leu Ala Leu Glu Gly 
Ser Leu Gin Lys Arc 

Gly He Val Glu Gln/Cys Cys Thr Ser lie Cys Ser Leu Tyr Gin 
Leu Glu Asn Tyr Cy^Asnl 

(SEQ ID NO 6). 
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39. The process as claimed in one of claims 32 to 36 for the preparation 
of an insulin derivative as clkimed in claim 30, wherein the precursor of the 
insulin derivative has the sequence 



Met Ala Thr Thr Ser Thr Gly Afen Ser Ala Arg 

Phe Val Lys Gin His Leu Cys Gjy Ser His Leu Val Glu Ala Leu 

Tyr Leu Val Cys Gly Glu Arg Gly Phe Phe Tyr He Pro Lys Thr 
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Arg Arg Glu Ala\Glu Asp Pro Gin Val Gly Gin Val Glu Leu Gly 
Gly Gly Pro Gly Ala Gly Ser Leu Gin Pro Leu Ala Leu Glu Gly 
Ser Leu Gin Lys Arg 

Gly He Val Glu GlL Cys Cys Thr Ser He Cys Ser Leu Tyr Gin 
Leu Glu Asn Tyr Oys Asn 

(SEQ ID NO 8). 

40. The process as claimed in one of claims 32 to 36 for the preparation 
of an insulin derivative as claimed in claim 31 , wherein the precursor of the 
insulin derivative has ihe sequence 



Met Ala Thr Thr Ser ThjfGly Asn Ser Ala Arg 
Phe Val Lys Gin His J/ed^ys Gly Ser His Leu Val Glu Ala Leu 
Tyr Leu Val Cys Gly Glu )(VrgGly Phe Phe Tyr Thr He Lys Thr 
Arg Arg Glu Ala Glu Asp tiro Gin Val Gly Gin Val Glu Leu Gly 
Gly Gly Pro Gly Ala Gly Sef Leu Gin Pro Leu Ala Leu Glu Gly 
Ser Leu Gin Lys Arg 

Gly He Val Glu Gin Cys Cys ^hr Ser lie Cys Ser Leu Tyr Gin 

Leu Glu Asn Tyr Cys Asn 
(SEQ ID NO 7). 



41 . A precursor of the insulin derivative as claimed in 



claimjiK. 



42. A precursor of/the insulin derivative as claimed in claim 




lib 



43. A precursor of the insulin derivative as claimed in claim ^9. 

(A 

44. A precursor of the insulin derivative as claimed in claim^ST 



+ 
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45. A DNA sequence which codes for a precursor of the insulin 
1 rf^ 7 derivative as claimed in claim 41 . 

5 46. A DNA sequence! which codes for a precursor of the insulin 
derivative as claimed in claim 42. 



10 
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47. A DNA sequin 



derivative as claimed 



yhich codes for a precursor of the insulin 
3im 43. 




48. A DNA sequence which codes for a precursor of the insulin 
derivative as claimed inj claim 44. 

49. An expression vehicle comprising a DNA sequence as claimed in 
claim 45. 

50. An expression vehicle comprising a DNA sequence as claimed in 
claim 46. 

/ 

; 

/ 

51. An expression vehicle comprising a DNA sequence as claimed in 
claim 47. 

52. An expression vehicle comprising a DNA sequence as claimed in 
claim 48. 




A host c^l^h^^s^-ansformed using an expression vehicle as 
claimed in A on o ~c^ / c7a i m s~ 4 g (o 52. 



547" A pharmaceutical preparation, which comprises at least one insi 
30 derivative and/or a physiologically tolerable salt thereof as claimed irariSrie 
ef- more-of-etefms i fd~3tP 



4 



if* 
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,56. A pharmaceutical preparation as claimed in claim 54, which 
comprises the insulin derivative and/or the physiologically tolerable salt 
thereof in dissolved, amorphous and/or crystalline form. 

A pharmaceutical preparation as claimed in claim 5^ which further 
comprises a depot auxiliary. 

A pharmaceutical preparation as claimed in claim 53; wherein the 
depot auxiliary is protamine sulfate, where the insulin derivative and/or the 
10 physiologically tolerable salt thereof is present with the protamine sulfate 
in a cocrystallizate. 

. c 

pi p^' An in i ectab,e solution having insulin activity^comprising the 

p pharmaceutical preparation as claimed in .ofre-npf ^cTa i mo 5 4 to 56 in 

15 dissolved form. 

fi 

■ 59. The use of the insuNnderivative and/or its physiologically tolerable 

,p salt as claimed in one or r^evof claims 1 to 31 for the production of a 
pharmaceutical preparation whkh has an insulin activity with a rapid onset 

20 of action. \^ 




